Abstract-Currently, modern devices and applications for communications need huge frequency bands since it has limited resources. To address this issue, the cognitive radio is considered a promised solution where its main function is exploiting the idle spectrum using one of spectrum sensing (SS) techniques. A energy detection (ED) for SS technique that handles low signalto-noise ratio (SNR) signals is proposed in this paper. It is derived using the discrete cosine transform (DCT) according to Welch's periodogram to estimate the power spectral density (PSD). The proposed technique is applied to sense the digital video broadcast (DVB) via AWGN channel with various SNR values and various user terminals. The results of the proposed technique proved that its performance is better than the conventional Welch's algorithm for both cases of low SNR and multi user terminals.
INTRODUCTION
Recently, the modern wireless devices such as smart phones and the new applications such as the exchanging of files, video, and so on are bandwidth-hungry standards. Moreover, a huge amount of spectrum is lost due to the static spectrum allocations. The previous issues leaded to spectrum scarcity in different standards such as 3GPP and 4G. The Federal Communication Commission (FCC) survey revealed that the daily used of licensed spectrum by the Primary User (PU) is lower than 30% in some geographic area. Using the cognitive radio CR concept, the Secondary User (SU) can opportunistically reuse the licensed spectrum once it unused, where the spectrum sensing SS technique allows the SU for reusing the licensed spectrum of idle Primary User (PU) with avoiding the harmful interference. However, it will terminate the SU transmission once the PU orders its spectrum [1, 2] .
The spectrum sensing SS technique is one of basic elements in CR, where its function is detecting the idle licensed spectrum then reusing it without interference by SU.
Once PU orders to transmit, SS will look for other spectrum to complete the SU transmission or terminate. The sensing process has performed by identifying one or more of signal specifications. For example, and not as a limitation, the Energy Detection (ED) technique handles with the energy of signal, cyclostationarity-feature detection handles with the cyclic frequency, matched-filter detection handles with all signal specifications and so on. Accordingly, matched-filter detection is the most complicated algorithm whereas the ED is the simplest one. The ED algorithm can be achieved based on time domain or frequency domain algorithms. The second algorithm is better since it can detect wider bandwidths. It estimates the Power Spectral Density (PSD) in order to sense the target signal [3, 4] .
To improve detection reliability and performance and reduce the harmful interference, the cooperative spectrum sensing CSS technique should be used. Moreover, it handles with the hidden nodes issue, which is appeared in the spectrum sensing [5, 6] . Nevertheless, it is more complicated in design and higher cost and longer sensing time. Two topologies may perform the CSS technique; centralized structure and distributed structure. The first structure is reported the sensing data that is gathered by the fusion centre and then the CSS technique decides whether the spectrum is busy or idle. The other structure shares the sensing data among SUs and then each SU tests the spectrum presentation [7, 8] .
In the literature, many works that have relation with this paper, proposed different algorithms to overcome the CSS issues. Authors in [1] analysed ED based on Welch's algorithm using two secondary users. However, its performance degraded if the SUs number increases and also it failed to work in low SNR. The fusion centre algorithms such as OR-rule and AND-rule are investigated in [9] . For SU number tends to infinity, the probability of false alarm is 0% and 10% for OR-rule and AND-rule cases, respectively but only for non-zero SNR. In [10] , the authors derived an optimal data fusion rule based on the Jarque-Bera statistics. While in [11] , the authors studied several fading channels based ED, but they applied for only 10 SUs. Both of previous studies are failed to handle with low SNR and effected by mathematical complexity. From the previous survey, the proposed algorithm cannot work in low SNR and they are effected by mathematical complexity. These issues and others are addressed in this paper. It is proposed a Discrete Cosine Transform (DCT) based on Welch's algorithm in meaning of ED technique. Furthermore, it is generalized for CSS system with centralized structure.
In addition to this section of introduction, the rest of this paper is organized as follows. In Section 2, the raw ED based on Welch's algorithm is presented for SS technique. The ED based on Welch's algorithm with DCT to estimate the PSD is analysed for CSS in section 3. In Section 4, the proposed detector results are calculated and investigated. Finally, in section 5, conclusions on this proposal are revealed.
II. THE ED TECHNIQUE BASED ON WELCH'S ALGORITHM
The SS stage is considered one of essential stages in the CR system, and its function senses the idle licensed spectrum with avoiding harmful interference. The detection problem can be addressed by the binary hypothesis, which is divided into hypotheses; absent hypothesis H0 (it indicates the band is unused) and present hypothesis H1 (it indicates the band is used). The binary hypothesis can be mathematically modelled as follows [12] .
where y (n) denotes the PU signal that received at SU, and s (n) denotes the PU signal without noise, which is assumed to be an identical and independent random process with a zero mean and a variance of σ s
2
. Besides, w (n) denotes the Gaussian noise with a zero mean and a variance of σ w 2 , and N denotes the length of signal [13] .
In The ED technique is performed by either time domain detection or frequency domain detection algorithms. The second one is better since it can observe wider bandwidths. The raw frequency domain detection is used the Fast Fourier Transform (FFT) to estimate the PSD [14] . As Welch's algorithm, the received PU signal break into overlapped segments then the detector system is transformed the each segment to frequency domain by using FFT. After that, it squared each sample and averaged each segment to find PSD for each one. Finally, the overall average is calculated and compared with the predefined threshold to make the decision, as shown in the following figure. Thus, the binary hypothesis with detection process can be modelled as follows [15] :
where λ represents the predefined threshold, which is influenced by the noise, and PSDt denotes the overall PSD and also for binary hypothesis is called the decision static and can be modelled as [16] .
where Pfa and Pd are represented the false alarm and detection probabilities, respectively. The first means an incorrect indication for the presence of PU signal and the second means a correct sensing for the presence of PU signal. In addition, Y is the ratio of y[n], L is number of segments, K is length of each one, and Q(x) denotes the Gaussian Qfunction.
From the relationship between Pd and Pfa, the desired detection performance can be revealed. if Pd is high and Pfa is low. This relationship is also called the Receiver Operational Characteristic (ROC) curve. Furthermore, the noise variance is required for computing λ and thus, it can be computed as follows [7] .
The ED based on Welch's algorithm can be derived as Figure 1 , where the first step is break the received PU signal into L overlapped segments with length K. the overlapping ratio is computed as follows:
where lD is considered the starting point for the lth segment.
The second step is calculated PSD for each segment as
= 0, 1, … , − 1
The third step is calculated the PSDt (or Welch's PSD), is the average of PSD of L segments as
and L can be evaluated as = − ⁄ + 1
III. THE PROPOSED CSS TECHNIQUE DCT is a cosine bases function, and it is periodic and even symmetry. A sequence can be achieved in DCT form and recovered as [4] :
where a[n] and A[k] are the original and DCT N-point signals [4] .
A simple comparison for some sequence in form of DCT and DFT is depicted in Figure 2 . In this figure, the DCT form compacts the sequence energy for more than 50% but the DFT form cannot. Consequently, this DCT property is widely exploited in the data compression. Therefore, Equation 7 can be derived in DCT form as
It is clear to say that Equation 13 is lower complex than Equation 7 , and the proposed detector is depicted in Figure 3 To generalize this detector for CSS, the OR-rule is applied where it means once only one SU decide the PU band is present, the detector decides the PU band is present. Thus, the cooperative detection probability Q d and cooperative false alarm probability Q fa [1] can be written as = 1 − (1 − ) (14)
where NSU denotes the SUs number. IV. RESULTS 
Signal

ANALYSIS
In this section, the results and its analysis have presented for SS and CSS. To increase the detection performance and its reliability, the proposed detector has achieved by 10 3 independent trials of Monte Carlo algorithm. In terms of ROC, a comparison is performed between the raw and proposed detectors. Moreover, many curves of ROC have computed for AWGN channel and low values of SNR. The type of PU signal is baseband 16-Quadrature Amplitude Modulation (16-QAM) and Quadrature Phase Shift Keying (QPSK) as DVB standards [3] , which is depicted in Table I . The ROC for one, five, ten, and twenty SUs are depicted in figures 4, 5, 6, 7, 8, 9, 10, and 11, respectively. For all figures, the SNR has varied by step of -10 dB from -20dB to 0dB for both traditional and proposed detector. From the previous figures, the influence of SUs number is cleared on both detectors. From the results, the performance of the raw periodogram is poor in the low SNR as cleared in the previous figures. In contrast, the Welsh's DCT periodogram is better since the variance in the proposed detector is lower than that in the traditional one.
The removal power of signal after transforming by DCT play a big role to adjust the detection performance. Moreover, it should not be big value since the quality of signal will fade out.
From Table II , a new advantage for mutli-SU over one SU is reducing the removal power, thus it is kept the signal quality. Furthermore, since the power is same for all mapper symbols in QPSK, the removal power percent is lower / equal to that in 16-QAM. In addition, the proposed system performance of QPSK is better than one of 16-QAM due to same previous reason. In summary, the proposed detector performance is better than raw detector performance. The probability of detection is more than 90% with the probability of false alarm in the proposed system, but probability of detection has small values with the false alarm probability in the raw detector. In addition, the variance in the proposed system is very low compared with the traditional one. Because of the energy compaction property of DCT, the samples that have the lowest values are vanished without affection on the accuracy of signal detection. Furthermore, the proposed system is faster in case of 2K mode but is more accuracy in case of 8K mode. It also has a half mathematically complex of the traditional system and then is faster than the traditional system.
V. CONCLUSIONS
In this paper, a new CSS detector has analysed, which is ED technique based on DCT and Welch's algorithm. The DCT allows the detector to work in low SNR and the Welch's algorithm decreases the noise variance as the segments number increases but the signal resolution decreases too. Thus, the proposed detector can be segmented the signal into desirable number to keep the signal resolution, and it can be adapted to manage the SUs number. In addition, the removal coefficient number is flexible to improve the detection performance.
